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the details of its characterization is lacking. The goal of this research is to
gain insights into the behavior of the BSL that has been so useful in providing
details to characterize a variety of protein systems. Fmoc solid phase peptide
synthesis (SPPS) has been used to generate a series of double cysteine
mutants of the 23 amino acid a-helical membrane peptide, AChR M2delta
at i and iþ4 residue positions. BSLs bearing peptides were incorporated
into 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine (DMPC) bicelles and
multilamellar vesicles. The spectra were collected at different temperatures
utilizing continuous wave (CW)-EPR spectroscopy to examine the dynamics
of the BSL within a membrane. The EPR spectral lineshape analysis will be
conducted to obtain the static and dynamic EPR parameters. This study will
provide more accurate insights into the behavior of BSL in order to provide
the optimal conditions for other studies that may utilize this promising spin
label.
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KCNQ1 is a voltage-gated potassium channel modulated by members of the
KCNE protein family. KCNQ1 is essential to both the cardiac action poten-
tial that mediates heartbeat and Kþ homeostasis in the inner ear. KCNQ1
dysfunction has been linked to multiple diseases, including various cardiac
arrhythmias, congenital deafness, and type II diabetes mellitus. Human
KCNQ1 is a 676-residue protein consisting of 100-residue N-terminal cyto-
solic domain, followed by an ~260-residue channel domain containing six
transmembrane (TMD) helices, and a 300-residue cytosolic C-terminus.
The first four TMD helices (S1-S4) form the voltage-sensor domain
(VSD) that is linked to the pore domain (helices S5 and S6). Roughly
40% of the >200 reported disease-related mutations in the KCNQ1 gene
result in amino acid substitutions in the VSD, making structural and dynamic
studies of this domain important in unraveling molecular mechanisms in hu-
man pathophysiology. Site-directed spin labeling EPR is a very powerful
structural biology technique to study the structural and conformational dy-
namics of membrane proteins in membrane environment. In this study, we
have successfully expressed the Cysteine substituted Q1-VSD in E. Coli, pu-
rified into detergent micelles, labeled with MTSL spin labels, and collected
CW-EPR spectra. We are developing several advanced EPR spectroscopic
techniques (such as double electron-electron resonance (DEER) and electron
spin echo envelope modulation (ESEEM)) for probing the structural and dy-
namic properties of Q1-VSD in a lipid bilayer environment. This study will
provide important mechanistic information on the Q1-VSD channel upon
binding with KCNE1.
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The line shape of cw electron paramagnetic resonance (EPR) spectra of spin
labeled proteins has been used extensively to analyze local dynamics, backbone
fluctuations and structural rearrangements of these systems. The commonly
used paramagnetic spin label MTSSL, a methanethiosulfonate derivative,
attached to the protein via covalent disulfide coupling on a designated cysteine
residue serves as a reporter of these properties. Much effort has been made to
extract structural and dynamic information as encoded in the observed line
shapes.
In this study we use single crystals of MTSSL labeled T4 lysozyme as a proto-
type example of an a-helical protein to investigate the structure and dynamics
of the paramagnetic side chain in detail by a combination of X-ray crystallog-
raphy and EPR spectroscopy. X-ray diffraction is used to determine the orien-
tation of the unit cell with respect to the EPR sample tube, which in turn allows
to determine the orientation of the spin labels for every EPR spectrum of an
angular dependent series given that the structure and orientation of the proteinin the unit cell is known. To this end high-resolution crystal structures (0.9 - 1.3
A˚) of spin labeled T4 lysozyme were taken at 100 K and are compared to data
deposited in the protein data bank.
On this poster we will discuss the angular dependent line shape of the EPR
spectra taken at room temperature with respect to the orientation of the spin la-
bel as deduced from X-ray crystallography at 100 K. Particular emphasize will
be on the ability of currently available models to describe the observed dy-
namics of the spin label and the implications of this for the line shape analysis
of disordered samples.
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Double electron-electron resonance (DEER) spectroscopy is a powerful elec-
tron paramagnetic resonance experiment that provides 2-8nm distance mea-
surements between spin-labels in systems varying from small, soluble
proteins, to large, membrane-bound complexes. A key strength of DEER is
that it reports a distance distribution corresponding to conformational ensem-
bles in frozen solutions. However, in practice its usable information is often
limited to the dominant spin-spin distance. Peak widths and shapes, which
describe conformational heterogeneity, are highly sensitive to time-domain
noise, regularization parameters, and spin-label conformations. A robust
method for quantifying uncertainty in DEER distributions does not currently
exist, complicating interpretation. Here we demonstrate the use of Bayesian
statistical inversion methods to generate conditional covariance estimates and
Bayesian credibility sets in DEER data analysis. To decouple true uncertainty
from spin-label conformations, we attached spin labels featuring varying flex-
ibilities to maltose binding protein (MBP) and measured using DEER under
varying conditions. By determining the contributions to DEER data from
both the spin-label and uncertainty, we have taken an important step towards
robust assignment of distance distribution features to protein conformations.
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Calmodulin (CaM) is a 16.7 kDa, Ca2þ-sensing protein that regulates a number
of cellular targets based on the amount of Ca2þ available in a cell. One of
CaM’s cellular targets is the ryanodine receptor (RyR), a tetrameric Ca2þ chan-
nel involved in Ca2þ release from the sarcoplasmic reticulum (SR) in myo-
cytes. CaM’s regulation of the RyR has been shown to be disrupted due to
both oxidative modification and naturally occurring mutations in CaM, howev-
er the structural aspects of CaM’s binding to the full RyR, and how this binding
is disrupted in disease states, has not been completely characterized.
By applying a combination of solution and solid-state NMR techniques we are
able to characterize the structure and dynamics of CaM’s binding interaction
with the RyR on a residue-specific basis in a biologically relevant environment.
Solution-state NMR experiments provide an assessment of the changes in fast
timescale dynamics with exposure to the SR, while magic angle spinning
(MAS) solid-state NMR in both extracted SR and reconstituted lipids charac-
terize conformational and topological changes with CaM in the presence of
the RyR. Our results indicate that CaM does exhibit changes in chemical shift
and dynamics in the presence of the RyR, and that oxidation and disease mu-
tations of CaM exhibit structural and dynamics changes compared to WT
CaM. These results are being applied toward the determination of a structural
model for CaM bound to the RyR, and structural models of how this interaction
is altered in the development of disease states.
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High-resolution multi-dimensional solution NMR is unique as a biophysical
and biochemical tool in its ability to examine both the structure and dynamics
of macromolecules at atomic resolution. Conventional non-TROSY/
deuteration solution NMR approaches, however, are largely limited to exam-
inations of relatively small (< 25 kDa) molecules, mostly due to the
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macromolecules within the protective nanoscale aqueous interior of reverse
micelles dissolved in low viscosity fluids has been developed as a means
through which the ‘slow tumbling problem’ can be overcome. This approach
has been successfully applied to diverse proteins and nucleic acids ranging
up to 100 kDa, considerably widening the range of biological macromole-
cules to which the comprehensive small protein solution NMR methodologies
can be applied. Recently, we have expanded the library of surfactants used
to encapsulate proteins and nucleic acids within the reverse micelle water
core with high structural fidelity. In addition, new applications have emerged
including studies of protein hydration, dynamic nuclear polarization in
solution, structural characterization of integral membrane proteins and
membrane-anchored lipidated proteins. The nanoscale interior of the reverse
micelle water core also offers the potential for a range of novel applications
in drug discovery. With the emergence of fragment based drug discovery,
the screening of protein targets for binding to weak ligands has become the
focus of some interest. NMR is well positioned to provide detailed site-
specific information about ligand binding to proteins. The confined space
of the reverse micelle allows a considerable reduction in ligand required
for detection of weak binding and can also significantly extend the detection
sensitivity into the low mM regime. Examples utilizing dihydrofolate reduc-
tase and aldoketoreductase will be presented. Supported by NIH grants
R01 GM107829, T32 GM071339, T32 GM008275, F32 GM087099 and
NSF grant MCB-115803.
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We present SARA (Software for Accordion Relaxation Analysis), an interac-
tive and user-friendly MATLAB software environment designed for analyzing
relaxation data obtained with accordion spectroscopy. Accordion spectroscopy
can be used to measure nuclear magnetic resonance (NMR) relaxation rates
more quickly than traditional methods, yet data analysis can be intimidating
and no unified software packages are available to assist investigators. Hence,
the technique has not achieved widespread use within the NMR community.
SARA offers users a selection of analysis protocols spanning those presented
in the literature thus far, with modifications permitting a more general applica-
tion to crowded spectra such as those of proteins. We discuss the advantages
and limitations of each fitting method and suggest a protocol combining
the strengths of each procedure to achieve optimal results. In the end, SARA
provides an environment for facile extraction of relaxation rates and should
promote routine application of accordion relaxation spectroscopy.
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Binary liquid crystals of guanosine (GUO) and guanosine-50-monophosphate
(GMP) have been found to have unique and interesting properties in their
ability to solubilize and selectively purify nanoparticles. The thermoassocia-
tive properties of these GMP-GUO g-gel phases have not been thoroughly
explored and the mechanism of action is not understood. In the present study,
nuclear magnetic resonance spectroscopy is used to probe the anisotropic
properties of binary liquid crystals by employing deuterium nuclei. Deuterons
have a quadrupolar moment that is normally averaged out by rapid molecular
reorientation. In liquid crystals, however, the motion of the molecules is
constrained such that quadrupolar effects are displayed in spectral data. To
prevent other effects such as bulk exchange of deuterons from impacting
the signal, 2H5-labeled aniline is employed to study the supramolecular struc-
ture of the liquid crystalline gels. This isotopomer of aniline has deuterons
that are strongly bound to a rigid aromatic ring, allowing for study of solvent
directed interactions without concern for conformation or bulk exchange
effects. This study determines the anisotropy and order parameter of the
binary liquid crystals to elucidate the structural and functional properties of
the system.
*This research is supported by the Photosynthetic Systems Program, Office
of Basic Energy Sciences, United States Department of Energy (DE-FG02-
07ER15903).Electron Microscopy, Diffraction, and Scattering
Techniques
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The Z-disc is the mechanical linkage that transmits the active and passive
forces developed by muscle sarcomeres. It is also the location of proteins
involved in diverse other processes, such as stress sensing into signaling path-
ways controlling muscle growth and wasting. About 40 different proteins are
now known to be in the Z-disc, some to which are transient and relocate to
other destinations such as the nucleus. The main route of force transmission
is through pairs of antiparallel a-actinin Z-bridges; these link the overlapped
ends of thin filaments from adjacent sarcomeres. The gross structure of the
Z-disc varies widely between different muscles and species. Thickness varies
in proportion to the number of registers of Z-bridges. The lattice of thin fila-
ment ends is hexagonal in invertebrates, whereas in vertebrates it is tetragonal.
However the structure of the Z-disc is known only in outline to ~ 7nm resolu-
tion and the detailed layout of its components is mostly unknown. Methods to
isolate Z-discs date back 50 years but such preparations have not been sub-
jected to modern electron microscopy methods, such as cryo-EM, tomography
or image processing. An advantage of isolated discs is they are thin, which
obviates the need for sectioning for microscopy, which is damaging. We
have prepared Z-discs from honeybee flight muscle using high salt extraction
and density gradient purification. Vitrified preparations were examined in
the 300 kV Krios microscope at the MRC Laboratory of Molecular Biology,
Cambridge, UK. Tilt series images were recorded to þ/ 70 with a Falcon
II direct electron detector. 3D reconstruction and sub-tomogram averaging
used Protomo software
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Membrane-associated proteins are integral components of cellular processes
and disease pathogenesis. Quantitative observations of membrane protein inter-
actions are extremely difficult; the membrane environment that is necessary to
maintain appropriate structural and functional characteristics of such species
interferes with or perturbs many analytical methods. In fact, typical assays to
observe such interactions require the species of interest to be isolated and
removed from the native membrane environment, usually with covalent modi-
fication. We will describe a label-free method to observe and evaluate mem-
brane protein-ligand interactions in minimally-altered native membrane
environments. This strategy is based on the use of backscattering interferom-
etry (BSI) in which minute changes in the refractive index of the bulk solution
caused by cognate ligand-receptor interactions are observed and quantified
without the need for extrinsic molecular labeling. Combined with a method
to present membrane proteins in an isotropically-scattering matrix derived
from the native cellular environment, Ashlwe are able to observe a variety of
cognate ligand-receptor interactions over a large range of equilibrium binding
affinities.
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Single-particle reconstruction has grown significantly with the improvements
in various data collection and computational strategies including CTF fitting,
the use of vitrified samples and the utilization of ultra-sensitive direct electron
detectors. Although these improvements have contributed significantly to the
recent evolution of 3D reconstruction analysis, the way samples are prepared
for electron microscopy has remained largely unchanged. We report the devel-
opment of TEM grids that are modified with a stabilized, non-fouling coating
